Abstract Our objective was to identify agency-level factors that increase collaborative relationships between agencies that serve children with complex chronic conditions (CCC). We hypothesized that an agency will collaborate with more partners in the network if the agency had a coordinator and participated in a community coalition. We surveyed representatives of 63 agencies that serve children with CCC in Forsyth County, North Carolina about their agencies' collaborations with other agencies. We used social network analytical methods and exponential random graph analysis to identify factors associated with collaboration among agencies. The unit of analysis was the collaborative tie (n = 3,658) between agencies in the network. Agencies participating in a community coalition were 1.5 times more likely to report collaboration than agencies that did not participate in a coalition. Presence of a coordinator in an agency was not associated with the number of collaborative relationships. Agencies in existence for a longer duration (C11 vs. B10 years; adjusted odds ratio (aOR): 2.1) and those with a higher proportion of CCC clientele (aOR: 2.1 and 1.6 for 11-30 % and C31 % compared to B10 %) had greater collaboration. Care coordination agencies and pediatric practices reported more collaborative relationships than subspecialty clinics, home-health agencies, durable medical equipment companies, educational programs and family-support services. Collaborative relationships between agencies that serve children with CCC are increased by coalition participation, longer existence and higher CCC clientele. Future studies should evaluate whether interventions to improve collaborations among agencies will improve clinical outcomes of children with CCC.
Introduction
An estimated 9.3 million children in the United States (13-18 % of all children) have special health care needs [1, 2] . A sub-group of children with special health care needs have greater medical complexity [3] and are referred to as children with complex chronic conditions [4] , medically complex children [5] , children with medical complexity [6] or medically fragile children [7] . We use the term children with complex chronic conditions (CCC) to describe these children. Children with CCC account for substantial health-care utilization among children [7] [8] [9] [10] .
The Agency for Healthcare Research and Quality (AHRQ), in a recent White Paper, described the concept of a ''medical neighborhood'' [11] . The medical neighborhood includes, in addition to the patient's medical home, all specialists and agencies involved in the health care of an individual. The AHRQ recommends a high-functioning medical neighborhood to be critical to our health-care system. The framework of medical neighborhood is particularly relevant to the system of care of children with CCC, as these children receive care from multiple providers through various agencies.
Developing systems of coordinated care for children with special needs in communities is a Healthy People 2020 Objective [12] . However, very little information exists on how agencies within this system collaborate with one another to provide care for this population.
To study the collaborative relationships that exist between agencies that serve children with CCC we used Social Network Analysis (SNA), a method that has been used to study relationships between individuals and organizations [13] [14] [15] . SNA is a structural approach to studying linkages between a set of constituents of a network [16] . SNA is particularly suitable for understanding complex systems that cannot be evaluated from the properties of individual parts of the system [13, 14] .
We used SNA methodology to (1) describe the network of collaboration among agencies that serve children with CCC; and (2) identify agency-level factors that increase collaborative relationships with other agencies in the network. Specifically, we wanted to evaluate whether presence of a coordinator in an agency and participation in community coalitions were associated with increased collaboration with other agencies. Prior studies evaluating models of care coordination have used a designated person to deliver comprehensive care [17, 18] . Community coalition is another approach to improve or change health systems [19] . Pediatric coalitions have been established in some communities to address issues unique to children with CCC [20] . We hypothesize that the presence of a coordinator within an agency and agency's participation in a community coalition will increase an agency's collaborative relationships.
Methods
The Institutional Review Board of Wake Forest University Health Sciences approved this study. The methodology is described in detail in a previous study (article in press) [21] . This study was conducted in Forsyth County located in central North Carolina. In 2010, the population of Forsyth County was 350,670 and the median household income was $47,000 [22] . Winston-Salem is the largest city in Forsyth County accounting for two-thirds of its population. Racial and ethnic minorities constitute 38 % of the population of Forsyth County.
Defining the Network
The network in this study consists of agencies serving children with CCC. The first step in SNA methodology is to identify all potential actors within the network. In this study, agencies are the actors. We used multiple steps to identify agencies (actors) as described previously (manuscript in press) [21] . The process of defining the network is described in Table 1 . Briefly, we generated a preliminary list of agencies in Forsyth County that serve children with CCC from multiple existing resources. Next, we conducted a focus group with members of a community coalition, who were representatives of agencies serving children with CCC. Third, we interviewed 8 social workers in the academic medical center and 2 social workers in the community, all of whom work primarily with children with CCC. Finally, only agencies that met all the three of the following criteria were included: (1) serve all of Forsyth County, (2) focus on children with CCC and/or their families, and (3) provide ongoing care to children with CCC and/or their families. Agencies were considered to focus on children with CCC if they had special services in place for children with CCC, their needs were addressed as part of the agencies' programmatic goals, or if they made up a large portion of the agency's clientele (10 % or more). Keeping with the convention used in prior studies, different programs within a large organization were treated as separate agencies if the programs provided a distinct set of services using non-overlapping staff [14, 23] . Of the 63 agencies in the final list, 28 (44 %) were subspecialty clinics of the children's hospital, 7 (11 %) were nursing agencies, 3 (5 %) were Durable Medical Equipment (DME) companies, 6 (10 %) were educational agencies, 5 (8 %) were care coordination programs, 4 (6 %) were family support services, and 10 (16 %) were pediatric practices. Care coordination agencies included a hospitalbased program for children with CCC; an early-intervention services provider; two Medicaid waiver programs for children with CCC; and care coordination programs of the local health department and a Medicaid managed care program. The agencies that provided family support services offered a variety of services and served as a resource for families of children with cancer; special needs; sickle cell and hemophilia; and heart diseases. Nursing agencies included 4 agencies that provide skilled nursing, one longterm care facility and one hospice agency.
Survey
The study participants were key informants (agency representatives) in the agencies. We identified 96 Key Informants representing 63 agencies. We conducted a survey of all key informants in October 2010 using Network Genie, an online data-collection tool developed specifically for social network data [24] . The link to the survey was emailed to participants. A reminder was sent to nonresponders 2 weeks after the first survey. A second reminder was sent to non-responders 5 weeks after the first reminder. Participants received $25 incentives for participating in the study.
On the survey, we defined children with complex chronic conditions as children who are medically fragile, dependent on technology, or have a life-limiting condition. The survey questions are presented in ''Appendix''. The survey had one general question inquiring about collaboration with other agencies and 4 follow-up questions about the nature of the relationships that did exist (serving as a resource, receiving resource, making referrals and receiving referrals). We also inquired about the agency's interest in collaborating with other agencies in the future. Respondents also provided information about their agency, including : agency type, duration of existence, number of children served each week, number of staff members in the agency providing direct care to children, presence of a coordinator in the agency and the proportion of children with CCC served by the agency.
Some agencies had multiple respondents (key informants).
In determining whether the agency had collaborative relationships with another agency, we concluded that a relationship was in place if either informant reported it [14] . For questions about duration of existence, number of staff, number of children served and proportion of clientele that are children with CCC, we chose the median value among the multiple respondents. For questions about presence of a coordinator and participation in coalition, responses were combined such that an affirmative response from any one of the respondents was considered to be an affirmative response.
Variables
For the current study, we used only the general network question that inquired about any type of collaboration with other agencies:
In the past year, with which of the following agencies has your agency collaborated in providing services for children with complex chronic conditions?
We defined collaboration, to participants, as any relationship that involves exchanging information, sharing resources, and/or coordinating services for the benefit of children with complex chronic conditions. The dependent variable (described below) was the collaborative tie derived from this network question. The different agency attributes served as independent variables in the analysis. These variables were categorized as follows: duration of existence (B10 or C11 years); number of staff (B5, 6-30 and C31); proportion of clientele that are CCC (B10, 11-30, C31); participation in coalition (yes, no or missing) and presence of a coordinator (yes or no). The coordinator variable was derived from the question that inquired whether there was a designated person in the agency whose job was to collaborate with other agencies on behalf of clients in the agency. One person who responded as 'unsure' for the question about presence of coordinator was categorized as 'no'.
Visual Representation of the Network
We constructed a visual representation of the network (Fig. 1) to depict the collaborative relationships between organizations (collaboration network). This is a standard procedure when analyzing network data [25] . The individual agencies in the network are called 'actors' (depicted in different shapes in Fig. 1 ). The connection from an actor to other actors in the network is called the arc (represented as arrows). The direction of the arrows represents the direction of the arc. In our study, agencies are the actors and the reported collaborative relationship of an agency to other agencies in the network is the arc. A tie is any relationship between actors in the network-either to or from an actor to other actors in the network.
Measures
The unit of analysis is the collaborative tie between two agencies in the network. In a network of 63 agencies, there are a possible 3,906 (63 9 62) ties in the network. Since we had response from 59 of the 63 agencies, we had information about 3,658 (59 9 62) ties in this network.
For descriptive statistics of the network, the density and centralization of the network were calculated. Density is the proportion of actual ties between actors to the total number of possible ties. A higher density indicates greater relationship between agencies. Centralization is the extent to which the ties are limited to a few actors; thus a lower centralization score indicates a broader distribution of ties. Out-degree centrality of the network was the dependent variable in this study. Out-degree centrality is the connectivity of actors within the network measured by the number of reported arcs from an actor to other actors in the network. Out-degree centrality is expressed as a whole number. We evaluated the association between each one of the agency attributes described above (independent variables) and out-degree centrality (dependent variable) of the network.
Data Analysis
For description of agency attributes, we used Stata Intercooled Version 10. Since observations in a network data are not independent, traditional statistical analyses are not appropriate for network data [26] . Hence, we used statistical analyses designed for SNA data. For univariate network analysis and visual representation, we used UCINET 6 and the NetDraw option [27] . For multivariate regression analyses we used Exponential Random Graph Modeling (ERGM), implemented using the program Statnet as described before [28, 29] . We calculated adjusted Odds Ratios (and 95 % Confidence Interval) for out-degree centrality for the independent variables in the model. A p value of \0.05 defined statistical significance.
Results
Of the 96 eligible participants, 80 (83 %) responded to the survey. Seventy-seven (80 %) completed the entire survey. Of the 63 agencies, we received responses from at least one key informant in 59 agencies (94 %). Agencies that did not respond include one each of subspecialty clinic, pediatric practice, DME company and educational program.
Agency Characteristics
The characteristics of the agencies are presented in Table 2 . The most common type of agency was a subspecialty clinic in the children's hospital. Majority of agencies had existed for 11 or more years (76 %). Twenty-six (44 %) agencies had 5 or less staff providing direct care to Circle care-coordination agencies, diamond subspecialty clinics, inverted triangle nursing agencies, square with plus family-support services, triangle educational programs opened square DME companies, square with circle at center pediatric practices. Largest size coalition participation ''yes''; medium size coalition participation ''no''; smallest size coalition participation ''missing''. Dark shade presence of coordinator; light shade no coordinator in agency children. For 42 % of the agencies, children with CCC constituted more than 30 % of their clientele.
Less than half of the agencies had a designated coordinator. The proportions of agencies having a designated coordinator were as follows: nursing agencies 71 %; pediatric practices 67 %; care coordination agencies 60 %; subspecialty clinics 41 %; DME companies 20 %; educational programs 20 %; and family-support services 0 %. Forty-four percent of the agencies participated in at least one community coalition. Agencies' participation in a community coalition were as follows: care coordination programs 80 %; educational programs 80 %; family-support services 50 %; DME companies 50 %; nursing agency 43 %; pediatric practice 33 %; and subspecialty clinics 19 %. Figure 1 describes the network of collaboration among all agencies participating in the study. This figure shows that the care coordination agencies and some pediatric practices are in the center of the network suggesting greater collaboration whereas family-support services, nursing agencies and DME companies are in the periphery suggesting less collaboration.
Network Characteristics
There were 1,380 ties in this network out of a possible 3,658 ties resulting in a network density of 38 %. The mean out-degree centrality was 22 (average number of collaborative relationships for agencies in the network). The centralization score for the network was 53 % for outdegree centrality, suggesting that a few agencies account for much of the network's collaboration.
Association of Agency Attributes and Out-Degree Collaborative Relationship
The results of ERGM analysis of out-degree centrality with agency attributes are presented in Table 3 . Contrary to our hypothesis, presence of a coordinator in an agency was not associated with greater collaboration with other agencies in the network compared to those that did not have a coordinator (aOR: 0.98; 95 % CI 0.83-1.15). Participation in a community coalition was however associated with greater collaboration (aOR 1.5; 95 % CI 1.22-1.85); agencies that did not respond to this question were less likely to collaborate than that did not participate in a coalition. Subspecialty clinics, educational programs, nursing agencies, DME companies and family-support programs were less likely than care-coordination agencies to report collaboration with other agencies in the network. There was no significant difference between primary-care providers and care coordination agencies in the number of collaborations. Greater duration of existence and higher proportion of CCC clientele were associated with greater collaboration compared to their counterparts. Higher number of staff members in an agency was associated with less collaboration.
Discussion
Prior research has shown that care coordinators in an agency help improve patient-level outcomes for children with special health care needs [17, 18] . Thus, we hypothesized that the presence of a coordinator in an agency would increase collaboration with other agencies in the medical neighborhood of children with CCC. However, we found that agencies with a coordinator did not have more collaborative relationships than those without a coordinator. One possible explanation for the null effect observed is that the coordinators employed by various agencies in the study are not all performing similar forms of coordination activities. For example, some might work directly with other agencies, while other coordinators might operate in more of a behind-the-scenes mode by connecting families to agencies indirectly. It should be noted that even though having a coordinator inside the agency did not predict the amount of collaboration, we did find that care coordination agencies reported high levels of collaboration. Future studies should determine what specific care coordination task helps enhance collaborative relationships between agencies.
Community coalitions, defined as a group of organizations and individuals with the stake in the issue working together to achieve a common goal [30] , have been used to improve health status or change health systems [19] . Our study provides evidence for the benefit of community coalitions in increasing the likelihood of collaboration in the care of children with CCC. This association between coalition participation and increased collaborative relationship should be evaluated in longitudinal studies.
Care coordination agencies and primary-care pediatric practices were more likely to report collaboration than subspecialty clinics, nursing agencies, DME companies, educational programs and family-support services. This is consistent with the medical home model in which primarycare practices serve as the hub for medical care of children with CCC [31] . Increased number of years of existence and number of children with CCC were also independently associated with greater collaborations with other agencies in the network. This suggests that for collaborations to be established, ongoing relationships and opportunities for collaboration are necessary. Interestingly, the number of staff decreased the odds of collaboration. It is possible that smaller agencies have greater need for assistance and hence seek out collaborations with other agencies.
We have applied a novel tool, Social Network Analysis (SNA), to understand relationships between agencies serving children with CCC. It is an established methodology in the fields of education and business to study relationships between organizations [13] [14] [15] , but has only recently begun to gain interest among health services researchers. Prior studies have used SNA to study delivery systems in HIV service delivery systems [14] and in longterm care facilities [32] . Our study shows the value of this methodology for pediatric health-services researchers.
Limitations
Our study is limited to a single county in North Carolina and hence the results may not be generalizable to the medical neighborhood of children with CCC in other regions. Although we used multiple approaches to identify agencies in the network we studied, we cannot be certain that we identified all agencies. On the other hand, the response rate was high among the agencies we surveyed, minimizing selection bias. Another possible limitation is that we relied on agencies' self-reporting of collaborative relationships and attributes of their agency, such as the presence of coordinator. We did not use parent/caregiver perspective on collaboration between agencies. Finally, because of the cross-sectional design of our study, we are unable to establish causality in the associations we have observed.
Conclusions
Using network analytical methods, we have identified agencies' participation in community coalitions, longer duration of existence and higher CCC clientele to be associated with collaboration with other agencies serving children with CCC at a community level. Collaborative relationships are strengthened by these factors that provide opportunities for collaboration. Future studies should examine whether interventions to increase collaborations between agencies can result in improvement in patient outcomes.
Acknowledgments Funding for the design and conduct of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript was provided by NICHD R21HD061793; PI: Nageswaran.
Appendix: Survey Questions 
